Radionuclides in particulate form are removed from air effluents by the use of high-efficiency particulate air (HEPA) filters. The air effluents are filtered first at the points of origin, i.e., glove boxes, and finally at the release point, i.e., the stack, by two banks of HEPA filters in series. Radionuclides are removed from liquid effluent by chemical processing. Solid radioactive wastes are packaged and shipped off site for burial at AEC-approved burial sites. Airborne and liquid wastes generated in the processing of explosive materials are collected and disposed of according to the Army Material Command Regulation 385-100.
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Radionuclides in particulate form are removed from air effluents by the use of high-efficiency particulate air (HEPA) filters. The air effluents are filtered first at the points of origin, i.e., glove boxes, and finally at the release point, i.e., the stack, by two banks of HEPA filters in series. Radionuclides are removed from liquid effluent by chemical processing. Solid radioactive wastes are packaged and shipped off site for burial at AEC-approved burial sites. Airborne and liquid wastes generated in the processing of explosive materials are collected and disposed of according to the Army Material Command Regulation 385-100.
A sanitary sewage treatment plant,which is operated in accordance with State of Ohio regulations, handles all domestic sewage generated on site. A general waste incinerator handles all combustible domestic waste. Ash from the incinerator is disposed of at an on-site sanitary land fill.
As part of the monitoring function of the program, air, water, foodstuff, and soil samples are collected from the environment at distances up to 32 km (20 miles) from the Laboratory boundaries. These samples are analyzed for the specifi~ radionuclides handled at the Laboratory as well as for nonradioactive pollutants. The sampling techniques, analyses, and counting methods are those best suited for the determination of the radionuclides of interest and are designed to detect levels as low as background.
The results of the analyses for calendar year 1973 are provided in this report. Error limits, when given, reflect the overall analytical uncertainty in the data at the 95% confidence level.
SUMMARY
The environment surrounding Mound Laboratory was monitored and the results are reported for calendar year 1973. Samples analyzed included air, water, foodstuffs, soil, and silt. For radioactive species, the average concentrations of polonium-210, plutonium-238, and tritium detected were well within the stringent standards adopted by the Atomic Energy Commission and the Environmental Protection Agency. Data concerning nonradioactive species in air and water are also presented.
Atmospheric monitoring for radioactive species was upgraded by the addition of 11 air sampling stations to the existing off-site network of ten continuous, high-volume air sampling stations. The average concentrations of polonium-210, plutonium-238, and tritium measured in air during this period were less than 0.07%, 0.3% and 0.2% of the respective Radioactivity Concentration Guide (RCG) values.
Water monitoring for radioactive species showed the average concentrations of plutonium-238 and tritium measured at the water sampling locations during this period to be less than 0.1% and 0.5% of the respective RCG values.
Additionally, _data concerning radioactive species in surface water, community drinking water, foodstuffs, and silt are presented. No significant uptake of radioactive species from air or water by plant or animal life has been observed. No reentrainment of radioactive species from soil or silt is indicated at this time. Soil core sample analyses will continue to establish a plutonium-238 soil inventory as part of the total program to assess the impact of the Laboratory's operations on the environment.
Water monitoring for nonradioactive species was conducted. Standards have been proposed for only three constituents of Mound's effluent streams. Their concentrations in the effluent streams are well within the proposed standards.
These data reflect the effectiveness of Mound's Environmental Control Program and indicate that the operation of the Laboratory does not have a measurable effect on the environment.
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ENVIRONMENTAL MONITORING

Air -Radioactive
An off-site air sampling network consisting of 21 continuously operating air sampling stations is utilized to assess the effectiveness of systems controlling airborne emissions. Seven sampling stations 'are located within a 1.6-krn (1-mile) radius of the Laboratory. This array of seven samplers surrounding the Laboratory ensures detection of any inadvertent release of radioactive materials and prompt assessment of the environmental impact, if any. Thirteen of the remaining samplers are located in or near population centers ranging from Vandalia, which is 33.6 krn (21 miles) to the north, to Middletown, which is 16 km (10 miles) to the south. The remaining sampler (#119) is located at a distance approximately 44.8 krn (28 miles) from the Laboratory in the least prevailing wind direction. This site should receive no measurable contribution from Mound Laboratory operations and will serve as a background sample for comparison purposes. The sampling sites are shown in Figure 1 .
Two types of samples are collected at each sampling station: a particulate air sample for plutonium-238 and polonium-210 analysis; and a gas bubbler sample for tritium oxide analysis. Th~ particulate sample is collected on a Microsorban disk of 200 mm diameter by means of a continuously operating (24 hrs per day, seven days per week) high-volume air sampler. The air is sampled at the rate of 1.1 x 10 6 cm 3 /min (40 ft 3 /min). The Microsorban disk is changed weekly, which represents a sample of approximately 10,000 m 3 of air. Poloniurn-210 analyses are performed on a weekly basis while the plutoniurn-238 analyses are performed on a monthly composite sample. In the plutonium-238 anaiysis, plutonium-236 is used as an internal standard in the alpha pulse height analysis, thus allowing correction to be made for chemical recovery. The results reported represent total concentrations of the analyzed radionuclides including contributions from natural sources and atmospheric fallout.
Because commercial sales of poloniurn-210 from Mound Laboratory have ceased and the concentration of poloniurn-210 measured in the atmosphere has significantly decreased, weekly analyses for poloniurn-210 were performed during 1973 on samples collected at only two off-site locations .
If a significant increase in the concentration of polonium-210 is observed at these locations, additional analyses at other locations will be performed to ensure that control of emissions is still effective, i.e., well within stringent AEC standards. The results of the polonium-210 analyses are summarized in Table 1 . Average concentrations measured were only 0.07% or less of the Radioactivity Concentration Guide (RCG). As a result, no further analyses were performed. It should be noted that the more restrictive RCG for the insoluble form of polonium was used for this comparison. This evaluation is therefore more conservative than in past years and is more consistent with other comparisons made in thi~ report. (There is a discussion of RCG's in the appendix of this report.)
The average plutonium-238 concentrations measured were all less than 0.3% of the RCG. The RCG used for comparison is the guide for the soluble form of the isotope and for the general population. The most restrictive RCG for plutonium-238 is applied since the solubility of the measured particles in the potential receptor, the human body, is unknown at this time. The results are summarized in Table 2 . For averaging purposes, samples below the minimum detection limit are assumed to be the value of the limit.
The gas bubbler sample is also collected on a continuous basis by bubblingair at approximately 3 x 10 3 cm 3 /min through 500 ml of water. Any tritium oxide present in the air is collected in the solution. The sampling and analysis are directed to tritium oxide rather than to elemental tritium, since the RCG for the oxide is 200 times more restrictive. A sample representing 30 m 3 of air is collected, and an aliquot is counted in a liquid scintillation spectrometer. The average concentrations of trititm oxide measured during 1973 were all less than approximately 0.2% of the RCG. These results are summarized in Table 3 . For averaging purposes, samples below the minimum detection limit are assumed to be the value·of the limit. JJCi/ml, which is 0.02% of the RCG.
***RCG -Radioactivity Concentration Guide 1000 X 10-6 JJCi/ml. of the RCG. The average concentrations of tritium oxide measured at these locations were 0.2% or less of the RCG. The results of the surface water monitoring program are summarized in Tables 9 and 10 .
Drinking water from communities in the surrounding area is sampled quarterly and analyzed for tritium oxide. These communities are shown in Figure 1 . The concentrations of tritium oxide were found to be less than 1.2% of the RCG. The results of the community drinking water sampling program are summarized in Table 11 .
Water -Nonradioactive
It is difficult to measure the levels of nonradioactive pollutants in the Great Miami River resulting from Mound Laboratory's water effluent because of the relatively high level of these pollutants already present in the river upstream from the outfalls. Therefore, a composite sample of both water effluent streams leaving the Laboratory is automatically collected and analyzed for various water quality parameters as reported below. The sample volume is proportionate to the flow in the stream .. The composite effluent water samples are analyzed for the listed water quality parameters according to standard techniques for waste water analysis accepted by the Office of Water Programs of the Environmental Protection Agency. 3 The EPA has recently proposed effluent standards for nine toxic pollutants. Only three of these pollutants are found in Mound's effluent streams. The concentrations of these pollutants in Mound's effluent streams are well within the proposed standards. There are no effluent standards in effect at this time. The results of the effluent stream analyses are summarized in Table 12 .
Foodstuffs and Vegetation -Radioactive
Various locally grown foodstuffs and vegetation samples are collected from the surrounding area. The intent of this portion of the Environmental Monitoring Program is to determine whether there is uptake and concentration of radionuclides by plant or animal life. Where possible, sampling sites are chosen at maximum deposition locations predicted on the basis of the diffusion model developed for Mound Laboratory. Field crops, fruit, and vegetables are collected on the basis of this diffusion model. Milk is collected from individual farms closest to the Laboratory. ·Aquatic life is trapped from the Miami River generally downstream of ~tiamisburg, dependent upon availability of fish. Grass samples are collected in the vicinity of the surface water locations listed in Tables 9 and 10. As mentioned previously, commercial sales of polonium-210 from Mound Laboratory have ceased. Since air and water are monitored for polonium-210 and no significant increases have been observed, foodstuff samples are not analyzed for polonium-210. The plutonium-238 content of the foodstuff and vegetation samples is determined by slowly evaporating the samples to dryness and then proceeding with the same techniques used for plutonium-238 analyses of air samples. ., *JTU represents a Jackson Turbidity Unit, a standard unit used to describe turbidity. This particular value is at the limit of sensitivity of the instrument used and basically indicates absence of any turbidity.
Milk samples are analyzed for tritium oxide by distilling the water fraction from an aliquot of the entire sample. The distillate is then analyzed for tritium by liquid scintillation spectrometry in the same manner as the water samples previously discussed in this report. The remaining foodstuff samples are analyzed for tritium by oxidizing the samples in a controlled air stream and collecting the combustion products. The tritium content of the combustion p~oducts is then determined by liquid scintillation spectrometry as discussed above. This technique allows analysis for total tritium in the samples rather than tritium oxide. The results of the foodstuff and vegetation analyses are summarized in Table 13 . The concentration is given in terms of the sample weight before evaporation to dryness. The vegetables analyzed included potatoes and tomatoes. The field crops analyzed were the edible portions of corn and soybeans. The sample of aquatic life analyzed included only the edible fleshy portions of the fish. The concentration of tritium measured in grass samples (not including roots) for 1973 approaches background concentration, which is an order of magnitude lower than 1972 results. This would indicate that tritium uptake does occur in grass but that exchange with environmental hydrogen is rapid and there is no concentration or buildup of tritium in grass. No evidence has been found, as yet, that there is any significant uptake and concentration by plant or animal life of these radionuclides handled at Mound Laboratory.
Soil and Silt -Radioactive
The soil sampling program has included two aspects of soil monitoring. One aspect, which was reported i~ MLM-1922, Environmental Monitoring Report: July -December 1971 and 1971 Summary, is the evaluation of the the resuspendable amounts of plutonium-238 in soil. For this evaluation, surface scrapings of undisturbed soil, from a depth of approximately 3/10 em (1/8 in.) are collected and analyzed. Review of the possible pathways that plutonium could follow from soil to man, indicate that the most likely pathway is inhalation of resuspended material. Therefore, evaluation of resuspendable plutonium in soil is best accomplished by continuous high-volume air sampling, not only because this samples the direct pathway to man, but also because air sampling and analyses are more accurate and reproducible than soil sampling and analyses. If air sampling results indicate a potential problem in this area, surface soil ~ampling will be resumed.
The second aspect of soil monitoring, which was also reported in the Environmental ~fonitoring Reports for 1971 and 1972 (MLM-1922 and MLM-2028 , is soil core sampling. The purpose of this type of soil sampling is the documentation, for historical purposes, of the total accumulation and distribution of plutonium deposited off site, and the verification of Mound Laboratory's atmospheric diffusion model. Present plans are to complete the initial total inventory during 1975 and then to repeat and refine the inventory over the next five-year interval, i.e., complete a revised and updated inventory by 1980. Soil core samples 8.9 em (3.5 in.) in diameter and approximately 30.5 em (12 in.) deep are taken for the 1\J w ,, --- -.
--.,, ..
.inventory determination. Core samples were collected at one location in each quadrant of the Laboratory grounds during 1973. At each of these four locations, shown in Figure 1 , ten cores were collected from an area of 2.78 m 2 (30 ft 2 ) and were composited to form one core sample. Additional co~e samples for background control data were taken from locations farther than 32 km (20 miles) from the Laboratory.
Soil samples are digested with an acid mixture to extract the plutonium. The solution is then passed over an ion exchange column specific for plutonium and analyzed in the same manner as the particulate air samples previously discussed in this report. This leach method has been compared with a fusion method for soil analysis.~ Although good agreement was obtained between the two methods, the leach method was chosen for the soil analysis because larger samples, which minimize sampling and aliquoting errors and increase sensitivity, can be handled with this method. The results of the core sampling program for 1973 are summarized in Table 14 . As mentioned previously in this report, no standards have been established for radioactive species in soil. Additional sample analyses are necessary before a total inventory can be calculated and these are continuing as part of Mound Laboratory's comprehensive Environmental Control Program.
Silt samples are collected annually from the same surface water locations which are sampled monthly. The silt samples are analyzed in the same manner as the soil samples. The results of the silt sampling from the area ponds are. summarized in Table 15 . No significant accumulation is indicated by the pond silt data. As previously mentioned in this report, there are no standards for radioactive species in soil or silt.
EVALUATION OF DOSE TO THE PUBLIC
A dose estimate was made for each radionuclide found in Mound Laboratory's effluent streams. Tritium (oxide) is the only radionuclide for which the critical organ is the whole body. The other radionuclides emitted from Mound Laboratory, plutonium-238 and polonium-210, will concentrate in specific organs, namely, plutonium in bone and polonium in the kidney.
ThP dose estimates were based on environmental monitoring data for CY-1973. The dose estimates for air were based on perimeter and offsite continuous air sampling data (including background), and the dose estimate for waterborne radionuclides was based only on tritium in drinking water for the local area. The levels of other radionuclides indicated background or nondetectable levels in drinking water and were thus not factors in the estimates.
The dose estimates obtained for the maximum potential at the site boundary were based on the single highest annual average of the five on-site continuous air samplers located in the proximity of the site boundary. The maximum dose to an individual was also based on the single highest yearly average of the five continuous on-site samplers. The maximum dose to population group(s) was based on the single highest yearly average of 20 off-site continuous air samplers surrounding the Laboratory, with the exception of that for polonium-210. The maximum dose estimates for polonium-210 were based on the single highest yearly· average of two off-site samplers. The results of these dose estimates are given below:
As mentioned earlier, bone is the critical organ for plutonium. Therefore, the values indicated below are estimates for maximum potential dose to bone 1) at the site boundary, 2) of an individual, and 3) of population group(s).
Maximum dose to bone at the site boundary Maximum dose to bone of an individual Maximtim dose to bone of population group(s) Polonium-210 9.9 mrem/yr 9.9 mrem/yr 0.48 mrem/yr
As mentioned earlier, the kidney is the critical organ for polonium. Therefore, the values indicated below are estimated for maximum potential dose to the kidney 1) at the site boundary, 2) of an individual, and 3) of population group(s).
Maximum dose to the kidney at the site boundary 0.11 mrem/yr Maximum dose to the kidney of an individual 0.11 mrem/yr Maximum dose to the kidney of population group(s) 0.11 mrem/yr Tritium (oxide)
The critical organ for tritium (oxide) is the whole body. Therefore, these doses are estimates for whole body dose with the dose from tritium (oxide) in local drinking water factored in. The other radionuclides apparently have had no effect on local drinking water since their levels based on environmental monitoring are either background or not detectable. The tritium (oxide) potential whole hody dose estimates are shown below. In addition to setting the RCG values for the individual radionuclides, the "Standards for Radiation Protection" (AEC Chapter 0524) states that if a mixture with more than one radionuclide occurs in air or water, the following guidelines shall be used. The ratio between the concentration of each radionuclide present in the mixture and its respective RCG shall be determined. The sum of these ratios for all the radionuclides in the mixture should not exceed "unity". A radionuclide is not to be considered part of the mixture unless the ratio of the concentration of the radionuclide to its RCG is greater than 1/10, provided that the sum of all such excluded ratios does not exceed 1/4.
Foodstuffs
There are no RCG values specified for foodstuffs as such, since the water content of food is taken into account in the determination of RCG values for water. Consideration of radionuclides in food is necessary only in case of concentration in food during processing or in case of entrance into the food from other sources. For purposes of providing a reference point, the RCG for water converted to microcuries per gram is used for comparison.
Soil
There are no guidelines established for radioactive species in soil.
Nonradioactive Standards
Concentrations of nonradioactive species in air and water are compared with standards promulgated by the Offices of Air and Water Programs of the Environmental Protection Agency. If a local standard which is more restrictive than the national standard is in effect it w~ll be used for ~omparison.
The following air and water standards.are ambient standards since emission or effluent standards do not exist at this time for the State of Ohio. Ambient standards are more restrictive since dilution by the environment is taken into account and no further dilution is expected. 
